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1. Title of the Invention

Liquid crystal display device

2. Scope of the Claims

(1) A liquid crystal display device characterized by comprising a liquid crystal
layer; a pair of substrates, each substrate having an electrode and an alignment film
formed thereon and being spaced from the liquid crystal layer by a predetermined gap,
wherein at least one of the substrates is transparent; and a spacer disposed at a position
corresponding to a space part that is installed besides a pixel corresponding portion
between the pair of the substrates, for controlling a thickness of the liquid crystal layer.

(2) The liquid crystal display device according to claim 1, characterized in that
the spacer is made of an adhesive material, and adheres and fixes the pair of substrates,
respectively, to be spaced on opposite sides.

(3) The liquid crystal display device according to claim 2, characterized in that
the spacer is a thermoplastic resin.

(4) The liquid crystal display device according to one of claims 1 to 3,

characterized in that the spacer is made of a light-shielding material.
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3. Detailed Explanation of the Invention

Industnally Applicable Field

The present invention relates to a liquid crystal display device, more
specifically, to a liquid crystal display device capable of improving contrast and electric

optical characteristics.

Structure of the Conventional Embodiment and Problems thereof

Fig. 3 illustrates a structure of a conventional liquid crystal display device 1.
‘As shown in the drawing, the liquid crystal display device 1 generally includes
substrates 4a, 4b formed of a liquid crystal layer 2 and transparent electrodes 3a, 3b, and
a polanzing plate (not shown). In this type of liquid crystal display device 1, the
thickness of the liqﬁid crystal layer 2 is assumed to be constant, so spacers 5 are
interposed not only to the end portion of the substrates 4a, 4b but also to the inner side
thereof as means of separatihg the substrates 4a, 4b by a predetermined distance. The
spacers 5 are formed of glass fiber, thin & small glass instrument, fine particles of high
polymer resins, or crystal alumina particles, and make the pair of substrates 4a, 4b face
from opposite sides.

Meanwhile, to improve the contrast of the liquid crystal display, a shielding
film 6 for constantly shielding light is formed on the substrate 4a except for the pixel
corresponding portion (a space between pixels). This shielding film 6 is formed by
coating the space between pixels with black pigments or layering a metallic film that
does not transmit light on the substrate.

However, in the conventional liquid crystal display device 1, the spacers 5 are

interposed even among the pixel corresponding portions (denoted by A in the drawing),
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so that the difference of optical characteristics such as the index of refraction between
the liquid crystal inside the liquid crystal layer 2 and the spacers 5 results in
deteriorations of the display quality. ~Also, a non-continuous molecular array is formed
due to many defects on the boundary surface between the particles used as the spacers 5
and the liquid crystal, which resultantly lowers the contrast and the electric, optical
characteristics.

Moreover, although it is possible to prevent the thickness of the liquid crystal
layer 2 from being .thinner than a desired thickness by interposing the spacers 5, when
the pair of substrates 4a, 4b are distorted and curved, the thickness of the liquid crystal
layer 2 becomes larger than the diameter of the spacers 5. In consequence,
interference colors occur in the panel or it becomes difficult to set a driving voltage.
This in turn lowers the display quality markedly. On the other hand, the formation of
the conventional shielding film 6 accompanies a difficult process and complicates the
fabrication process of the liquid crystal display device 1, so the product price is

increased.

Object of the Invention

Accordingly, an object of the present invention is to provide a liquid crystal
display layer having a reasonable panel gap for obtaining good contrast and electric &
optical characteristics, and spacers capable of shielding light from shedding on spaces

among pixels.

Means for Solving the Problem(s)
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To solve the above problem, the present invention provides a liquid crystal
layer device including a liquid crystal layer; a pair of substrates, each substrate having
an electrode and an alignment film formed thereon and being spaced from the liquid
crystal layer by a predetermined gap, wherein at least one of the substrates is
transparent; and a spacer disposed at a position corresponding to a space part that is
installed besides a pixel corresponding portion between the pair of the substrates, for

controlling a thickness of the liquid crystal layer.

Applications of the Invention

By constituting the display device as explained above, no spacers need to be
interposed among the pixel corresponding portions. Therefore, it becomes possible to
prevent defects in liquid crystal alignment in the pixel corresponding portions that have

a direct influence on the liquid crystal display.

Embodiment

Fig. 1 and Fig. 2 illustrate one embodiment of a liquid crystal display device
according to the present invention. In particular, Fig. 1 is a plane view of a liquid
crystal display device 8, and Fig. 2 is a cross-sectional view taken along the line II-IT in
Fig. 1.

In each drawing, for instance, transparent glass substrates 9a, 9b with
sufficiently smodth surfaces like float glasses are used, and transparent electrodes 10a,
10b in stripe shape are formed, as shown in Fig. 1, in predetermined positions of
opposed surfaces of the glass substrates over both directions thereof, respectively (e.g.,

in Fig. 1 the electrode 10a is denoted by a broken line). These transparent electrodes
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10a, 10b are made of metallic oxides such as ITO, and are formed on the substrates 9a,
9b in a predetermined pattern corresponding to the pixels by using the technique for
formation of a thin film. Also, inner surfaces of the substrates 9a, 9b in contact with a
liquid crystal 11, which have the transparent electrodes 10a, 10b formed thereon, are
coated with molecular alignment films and at the same time, undergo a rubbing
treatment.

Reference numeral 12 is a spacer, the main part of the present invention. The
spacer 12 is made of thermoplastic resin mixed with black pigment, and its formation
position is limited to a space part (a narrow portion in each transparent electrode 10a)
installed in positions besides the pixel corresponding portions. That is, the spacer 12 is
formed in stripe shape, being inserted into the transparent electrode 10a on the pixel
corresponding position (refer to Fig. 1). For formation of the spacer 12, a substrate 4a
formed of a transparent electrode 3a needs to be formed first. Then, a thermoplastic
resin mixed with the black pigment is coated thereon in such manner that the thickness
of the thermoplastic resin is equal or slightly greater than the thickness of a desired
liquid crystal layer, and the transparent electrode 3a being left is patterned.
Furthermore, the substrate 4a having the thermoplastic resin pattern and another
substrate 4b are parallely disposed on opposite sides, and are compressed and heated
until the liquid crystal layer has a desired thickness. As such, the thermoplastic resin is
adhesive, thereby adhering both substrates 4a, 4b together. By cooling and hardening
this continuously, the spacer 12 is formed and the substrates 4a, 4b are spaced by a
predetermined distance, resulting in a liquid crystal cell 14 shown in Figs. 1 and 2.
Also, refefence numeral 13 in Fig. 1 denotes a sealing member for sealing the liquid

crystal 11, in which the liquid crystal 11 is injected from a liquid crystal injection part
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into the liquid crystal cell 14, indicated by an arrow B. At this time, the liquid crystal
11 is easily filled from a gap of the spacer 12 to a gap inside the liquid crystal cell 14
and as a result, a liquid crystal display device 8 is formed. By forming the spacer 12 in
this manner, the spacer no longer scatters non-uniformly as in the conventional art. In
addition, since the opposed substrates 4a, 4b are adhered to each other by the adhesive
spacer 12, they are not distorted or curved, but the thickness of the liquid crystal layer is
evenly maintained. Thus, neither interference colors nor display mottles occur, and a
reasonable panel gap can be formed.

As explained before, the formation (installation) position of the spacer 12
corresponds to the position of the space part besides the pixel corresponding portion, i.e.,
the formation position of the shielding film 6 in the conventional liquid crystal display
device 1 (Fig. 3). Accordingly, other objects besides the liquid crystal can exist in the
pixel portion,- and the contrast and the electric & optical characteristics of the liquid
crystal display can be improved. Moreover, since the spacer 12 contains the black
pigment, it is able to shield light. In other words, it is now possible to shield the light
more effectively by using the spacer 12.

In the present embodiment, the spacer 12 is patterned in stripe shape, but the
scope of the invention is not limited thereto. For example, tﬁe spacer 12 can be
formed in grid shape or intermittently on the positions besides the pixel corresponding
portion.

Also, in the present embodiment, the transparent electrode 3a is formed on the
stripe-shaped spacer 12 with respect to the substrate 4a. However, it is also possible to
implement the transparent electrode to non-stripe shaped spacer, for example, a liquid

crystal cell where an active element is formed on the substrate.
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Moreover, instead of forming the spacer 12 only on the one substrate 4a, it 1s
possible to form the spacer 12 on both substrates 4a, 4b, respectively, and then a liquid

crystal cell is assembled therein.

Effect of the Invention

According to the liquid crystal display device of the present invention, the
spacer for controlling the thickness of the liquid crystal layer is installed between the
two substrates, that is, in a position corresponding to the space part which is disposed in
area besides the pixel corresponding portion. In this manner, the defects in liquid
crystal alignment can be prevented, and the contrast, electric & optical characteristics of
the display device can be enhanced. Also, thanks to the adhesive spacer, the thickness
of the liquid crystal layer is maintained, and the occurrence of the interference colors is
prevented very effectively. Moreover, the spacer can also be used for shielding light

from shedding on the spaces among pixels.

4. Brief Explanation of the Drawings

Fig. 1 is a plane view of a liquid crystal display device according to one
embodiment of the present invention; |

Fig. 2 is a cross-sectional view taken along the line II-II in Fig. 1; and

Fig. 3 is a cross-sectional view of one embodiment of a conventional liquid

crystal display device.

<Explanation of Reference Numerals>

8 : Liquid crystal display device 9a, 9b : Substrate
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10a, 10b : Transparent electrode 11 : Liquid crystal

12 : Spacer 14 : Liquid crystal cell
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